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ABSTRACT. When the Santee River Rediversion
Project (SRRP) came online in 1985 a substantial change
in hydrology occurred within the lower Santee River
Basin. This change occurred because the majority of
flow from the Santee Lakes was previously redirected
through the Cooper River when the Wilson Dam was
finished in 1941. Our team assessed the soils and
hydrology on over 35,000 acres of property along the
Santee River. These properties were adjacent to and
downstream of the Rediversion Canal. Our assessment
focused on the determination of jurisdictional wetlands
with respect to river and groundwater hydrology
increases related to reintroduced hydrology caused by
discharges from the St. Stephens Rediversion Project.
We developed a method of forensic geomorphology to
recreate and map the extent of wetland recession on these
properties after the change in hydrology created by the
construction of the Wilson Dam. Our methodology
combined the usage of extensive field verified wetland
data points that were used to define polygons within
ESRI ArcGIS. These polygons were used in the cross
examination of remotely sensed data such as Light
Detection and Ranging (LiDAR) in conjunction with a
Maximum Likelihood Classified spectral analysis. The
goal was to establish a correlation between elevation and
spectral signature in order to determine how the
jurisdictional wetlands would have migrated over time
based on the increase in average water surface elevations
within the lower Santee River. To attain our goal we
studied soil, vegetation, and groundwater data and
collected over 27,000 data points using GPS data
collection systems with submeter accuracy. We analyzed
and determined the impacts to the hydrologic regime and
hydroperiod in the lower Santee River basin using,
among others, USGS gauging data from multiple stations
over a 30 year period (USGS 2008). Further, we
collected survey grade topographic data, where needed,
and installed ground water monitoring wells to

strengthen our data. Our conclusions confirmed that the
increase in riverine hydrology dominated the
groundwater elevation, resulting in increases in the
amount of jurisdictional wetlands located within the
lower Santee River Basin. This methodology was
accepted by the United States Federal Court to calculate
changes in the amount of wetlands present and to
establish damages caused by flooding from the
Rediversion Project.

INTRODUCTION
Landowners that purchased property along the Santee
River prior to 1985 were accustomed to low flow rates,
lower water tables, infrequent flooding, and drier
property.
These properties were used for timber
production, raising cattle, specialty hogs, or purchased as
long term investments.
However, their legal battle
began in 1985 when the Santee River Rediversion Project
(SRRP) came online. The SRRP resulted substantial
increases in hydrology that significantly altered their
property. The property was no longer suitable for cattle,
hogs were killed off by flooding, and the area of
wetlands increased.
In 2008 we were retained by the Bell Legal Group to
assist them with these cases. We were tasked with
assessing the soils, wetlands, and hydrology for a range
of properties along the Santee River. The 5 main tracts
included Darlington Veneer (DV) Island (1,997 acres),
Wadmacon (5,247 acres), DV Mainland (4,399 acres),
Hollingsworth (12,352 acres), and Burnside (7,587
acres). There were a series of smaller properties that
were also included.
At the time we became involved, the court had
already determined Santee Cooper was liable for
damages. Our goal was to quantify the level of damages
by creating maps that could illustrate the relative extent
of jurisdictional wetlands versus uplands with respect to
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river and groundwater hydrologic changes that would
have existed prior to the reintroduction of hydrology
from SRRP. Our opinion was that increased hydrology
would result in more wetlands being created at these sites
and an overall reduction in the usable property over time.
The Santee River is the main drainage and navigation
system for central South Carolina. The Santee River
system drains into the Atlantic Ocean branching into the
North and South Santee Rivers around 12 miles east of
the Highway 41 Bridge. The river is approximately 450
miles from its farthest reaches in the Catawba River in
North Carolina. The total drainage area of the basin is
approximately 15,392 square miles. Once the Santee
Cooper lake system was constructed with the completion
of the Wilson Dam in 1941, flow into the Santee River
from the Wilson Dam was reduced to a daily minimum
of 500 CFS. The majority of the flow from the Santee
River Basin was diverted from Lake Marion into Lake
Moultrie (via the Diversion Canal) and released through
the Pinopolis hydroplant into the Cooper River with an
average flow of approximately 15,500 CFS. After
completion of the Wilson Dam the localized Santee River
watershed downstream of the dam became ≈708 square
miles (4.6% of overall).
The SRRP was an effort between the USACE and
Santee Cooper to redivert water back into the Santee
River via the St. Stephen hydroplant and associated
rediversion canal. The project was built to reduce the
flow into the Cooper River to a maximum of 3,000 CFS
(with exceptions) because increased sediment buildup in
Charleston Harbor was dramatically increasing dredging
costs.
The diversion hydrology into the Cooper River
resulted lower water surface elevations in the Santee
River for a period of approximately 43 years. This
hydrologic change led to significant alterations in the
physical characteristics of the river bottomland,
particularly in the portions slightly higher than Mean
High Water (MHW) or the Ordinary High Water Mark
(OHWM). These areas became drier over this period of
time. The drier property experienced loss of wetlands
which resulted in a substantial increase in useable land.

overtime with the reintroduction of hydrology. One of
the determining factors in groundwater elevation is the
elevation of the adjacent surface water body, in this
instance the Santee River.
To expand our methodology we required the
comparative analysis of several components:
1. A determination of the present average water
surface elevation within the Lower Santee River
and the average water surface elevation in the river
prior to the SRRP.
2. Light Detection and Ranging (LiDAR) topographic
elevation data
3. A delineation of current wetland and uplands
4. An elevation from LiDAR for each GPS point
categorized by areas that were clearly upland,
clearly wetland
5. A correlation between the areas delineated as
uplands and wetlands with respect to their LiDAR
elevation ranges
6. A Maximum Likelihood Classified (MLC)
statistical analysis of the spectral signature for the
LiDAR delineated areas and an analysis of their
elevation ranges and pixel elements
7. A per pixel textural analysis of the 2006 National
Aerial Photography Program (NAPP) color infrared
aerial photography to compensate for the three band
deficiency inherent with statistical classification of
RGB imagery
We collected over 27,000 data points using submeter
accurate GPS data collection system. These data points
included locations of soil borings, wetland boundaries,
and current and historic hydric indicators. We spent over
2400 hours performing field work in addition to over
2100 hours analyzing the data to formulate the opinions
provided in our official court findings submitted at the
end of April 2009.
To understand the hydrologic regime and hydroperiod
in the lower Santee River basin we analyzed USGS
gauging data from multiple stations, along with gauging
records entered into evidence during the 26 years the
case was in court. These data were broken into two
periods. The first period was information available for
two decades starting in 1986 through 2006 and the
second was gauging data available pre-rediversion. This
information was also used to understand anomalies in
soil composition and profiles resulting from the
artificially induced hydrology post-rediversion.
Further, we collected survey grade topographic data
where needed, and installed ground water monitoring
wells to corroborate our data. This research gave us an
understanding of the water surface elevations in Santee
River before and after the SRRP and the level of increase
that occurred after the SRRP.

METHODS
We developed a method of forensic geomorphology
to illustrate the changes in the landform over time caused
by the drastic changes in river surface elevation. It
started with the understanding that there is a connection
between average groundwater elevation, river surface
elevation, existing topography, and wetlands.
To estimate groundwater surface elevation we needed to
further understand how the average water surface
elevation within the Santee River would have increased
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Our methodology utilized extensive field verified
wetland data points. We used those points to define
polygons within ESRI ArcGIS. These polygons were
used in the cross examination of remotely sensed data
such as Light Detection and Ranging (LiDAR) in
conjunction with a Maximum Likelihood Classified form
of spectral analysis.
The goal was to establish a correlation between
elevation and spectral signature in order to determine
how the jurisdictional wetlands would have migrated
over time based on the increase or decrease in average
water surface elevations within the lower Santee River.
We obtained extensive textural per pixel statistical data
for the aerial photography along the Santee River
corridor. Texture is considered the spatial variation in
the intensity of a group of pixels. The textural
classification is the process of quantifying the texture of
a neighborhood of pixels surrounding the pixel you want
to classify (Rohland 2008). The resulting measure or
measures are added to the pixel vector as additional
elements of the vector. It is similar to creating additional
bands or layers for the image based on local
neighborhood textures (Rohland 2008). Three spectral
bands is an insufficient number to form an effective
spectral signature for classifying pixels. Therefore, we
spent hundreds of hours generating textural statistics to
strengthen our usage of the 3 band color infrared aerial
photography.
We used elevation statistical ranges tied to spectral
signature ranges to assess wetlands and how their
boundaries would migrate with reduction in water
surface elevations.
We also conducted over one hundred soil borings in
varying locations across these properties to look for
artificial hydric indicators in areas where the post Wilson
Dam uplands would have been converted to wetlands
after the SRRP came online.

the Cooper River eliminated the majority of flooding
events in the North and South Santee Rivers and limited
the discharge to approximately 500 CFS from the Wilson
Dam hydro plant. The net effect this had on the Santee
River was to lower the water surface elevations to a point
where these rivers were mostly dominated by tidal
influences.
Based upon our work the surface water elevation
estimates that would occur in the Santee River with
minimal flow (Diversion Period) as opposed to full flow
from discharges at St. Stephens hydroplant with
contributory discharges from the Wilson Dam provide an
accurate estimate of the changes in water level that have
taken place in the Santee River. These changes can range
from 1 foot to 4 feet above previous conditions.
Based upon the available data, the soils in the subject
area generally fall into the category of broad floodplain
soils consisting of mostly clayey material with upland
alluvial sandy depositions along creek, lake and river
edges and as inclusions throughout. Specific soil series
found in the Georgetown County Soil Survey data shows
that the subject properties contain the Chastain, Tawcaw
and Levy soil series (USDA-NRCS 1982). However, our
onsite investigation of each of the subject properties
found numerous exceptions to this broad classification.
The first exception we found was that each of the
properties had substantial percentages of non-hydric soils
(uplands) even after the history of repeated long duration
flooding. The second exception was that multiple sites
exhibited a condition known as artificially hydric soils.
These soils are created due to the artificially induced
hydrology caused by the flooding created by discharges
at the St. Stevens hydroplant and subsequent deposition,
scouring, and associated redoximorphic changes.
Our review of the vegetation on these sites was
classed into four categories; intertidal marsh, wooded
bottomland (typically above MHW), wooded upland, and
upland bluff. Vegetation within the intertidal marsh is
dominated by sawgrass (Cladium jamaicense, OBL),
cattail (Typha latifolia, OBL and angustifolia, OBL),
southern wild rice (Zizaniopsis miliacea, OBL), and giant
reed (Arundo donax, FACW). Some areas that were
previously vegetated are seeing open water areas begin to
occur, indicating an increase in water elevations that
suppress the emergent vegetation growth. As these
previously vegetated areas lose plant roots, erosion can
increase the loss of soils and cause these areas to become
deeper.
Our delineations included extensively collecting GPS
data points, and also incorporating statistical techniques
to determine relative accuracy. We applied the decrease
in average water surface elevation that occurred within
the Santee River prior to the SRRP and reduced the
elevation ranges on the property where uplands would
have occurred to map the extent that wetlands would

RESULTS AND DISCUSSION
We reviewed the existing conditions in order to form
opinions regarding changes in wetland designation that
occurred due to changes in hydrology, and its resulting
influence on vegetative regime and soils. To accomplish
this we utilized all available aforementioned data to
develop methodology to reasonably project and
reconstruct detailed conclusions about the time and
hydrologic change element, and its impact on how the
sites would have existed before 1985.
Upstream discharges in the Santee River basin are
influenced by periods of increased precipitation in the
upstream watershed which create infrequent freshets that
cause localized flooding in the North and South Santee
Rivers. The initial diversion of the Santee River flow into
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have existed prior to the SRRP. We developed two types
of maps, one that showed our current delineation for
wetlands and our 20 year planning line. The 20 year
planning line represented how the wetlands and uplands
would have appeared prior to the SRRP.

calculated using our methodology, was a credible way to
determine changes in the amount of wetlands present and
to establish damages caused by flooding from the
Rediversion Project. These calculations of the increased
wetlands were deemed a taking and resulted in a
judgment for damages in excess of two hundred million
dollars.
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Table 1 - The acreages of each property displayed in
three units: High (upland), Middle (transitional) and low
(wetlands). The values are compared between the
LiDAR analysis and Spectral Analysis, and how the
acreages changed during the period prior to the SRRP.
We developed a link between MLC Spectral Analysis
and LiDAR analysis because prior to the final court
hearings LiDAR was unavailable for the Hollingsworth
and Burnside tracts.
We were able to use our
comparative percentages for the other tracts (all within
10 percent of each other) to prepare our planning line for
the tracts without LiDAR. Shortly after the final
hearings concluded LiDAR also became available
through SCDNR for those tracts. For further validation,
we applied our same technique to those tracts and
discovered that the LiDAR analysis also yielded results
within 10 percent of MLC Spectral Analysis.

CONCLUSIONS
These court cases at the time were the oldest on the
United States Federal Court docket and are the oldest in
South Carolina History. The Court found that the
increases in wetlands on the subject properties, as
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